Effects of different concentrations of aluminium (Al 3+ ) on seed germination of high yielding varieties of wheat (Triticum aestivum L.) were investigated. Al 3+ at 500 ppm had inhibitory effect on seed germination, seedling growth and its dry matter. Relatively higher root and shoot dry matter in Sonlika, Fang-60 and lower in Baw-923 and Protiva were found. Root growth of Fang-60 and shoot growth of all except Akbar, Gourab and Protiva were stimulated at low concentration (10 ppm). Root growth was more susceptible to Al 3+ stress than that of shoot.
Introduction

Al
3+ stress associated with low soil pH affected soils and there are more than one million ha of land with low pH in Bangladesh. On world-wide basis there are nearly 2.6 billion ha of strongly acid soils with Al 3+ toxicity (Dudal 1976) . Acid soil, by increasing Al 3+ solubility increases its concentration at the rhizosphere. Al 3+ toxicity inhibits plant growth by interfering with the regulatory process of root growth and development (Foy 1988 , Taylor 1988 , Kochian 1995 . To overcome the situation Al 3+ tolerant wheat germplasm may be helpful for the expansion of its cultivation in the areas of acid soil. In Bangladesh, the tolerance grade of the existing gene pool of wheat against Al 3+ toxicity is yet to be determined. Thus, the present work was undertaken to determine the tolerance efficiency of some high yielding varieties of wheat against different levels of Al 3+ stress with respect to seed germination, root and shoot growth, and dry matter yield at seedling stage.
Materials and Methods
Seeds of nine HYV wheat (Triticum aestivum L.) varieties were obtained from Bangladesh Agricultural Research Institute (Table 1) . One hundred healthy seeds per variety, were placed on filter paper in Pyrex Petri dish containing 10 ml selected solution of 0, 10, 100, 200 and 500 ppm Al 3+ , prepared in 0.1 mM CaSO 4 and incubated in the dark at 25º C in a growth chamber. Seedlings were grown in 0.1 strength Arnon and Hoagland (1940) solution. Seed germination was counted up to six days and seedlings from well germinated seeds of each variety were grown in separate Petri dish up to ten days under artificial light (four florescent tube of 40 W and two incandescent of 60 W) in the growth chamber. Solutions in each case were changed at 24 h interval. Root and shoot lengths were taken after three, five and ten days of exposure from the randomly selected ten seedlings/variety/replication. Root and shoots were then harvested and dried in an oven at 65º C for 12 h to attain constant weight. Tolerance index (TI) of the seedlings was determined following Alamgir et al. (1989) .
Results and Discussion
Aluminium affected seed germination of different varieties of wheat (Triticum aestivum L.), and the inhibitory effect increased with the increase of Al 3+ concentration (Table 1 ). The inhibitory sequence of different varieties at 500 ppm Al 3+ was: Fang-60 > Protiva > Aghrahani > Sonalika > Sourab > Akbar > Kanchan > Gourab > Baw-923. Fang-60 had the lowest percentage of seed germination while Baw-923 had the highest. It has been reported that Al 3+ at different concentrations showed differential inhibitory effect on seed germination of white spruce (Nosko et al. 1988) , pigeon pea (Narayanan and Syamala 1989) and wheat (Lima and Copeland 1990) . Germination tolerance index (TI) at different Al 3+ concentrations were variable and Gourab had relatively higher germination TI in most of the concentrations, but Akbar and Kanchan had relatively higher TI under high stress. In spite of the inhibitory effect of Al 3+ the seed germination, however did not fall below 48% under stress. Lima and Copeland (1990) while working with different germplasms of wheat reported that seed germination was less sensitive to Al 3+ than the seedling growth. Root-shoot growth measured after three, five and ten days of Al 3+ treatment were inhibited in most cases and the results are shown in Figs. 1a,b to 9a,b. At a relatively lower concentration of Al 3+ stimulatory effect on root and/or shoot growths of the seedlings were noted. After ten days inhibition of shoot growth of Baw-923 was negligible at low concentration (Fig. 3a,b) . Root growth under Al 3+ stress in different cultivars of wheat was reported to be different but low concentrations, in some cases, revealed stimulatory effect (Samuels et al. 1997) . The observed root-shoot growths at 100 ppm were highest in Sourab and Akbar while the lowest was in Protiva and Sonalika at 200 ppm in Gourab and Akbar, Sonalika and Fang-60 and at 500 ppm in Fang-60 and Aghrahani, Akbar and Sourab, respectively. Fageria (1985) noted differential responses of rice to different levels of Al 3+ while Delhaize et al. (1991) as well as Petterson and Strid (1989) reported significant inhibitory effect on root growth in Al 3+ sensitive wheat. On the other hand, Purcell et al. (2002) observed inhibitory effect on water uptake, growth and grain yield in soybean. In the present work, root growth was affected more than that of shoot and as observed by others, the inhibition of root elongation was the first visible symptom of Al 3+ toxicity and the effect on shoot was the delayed and indirect response to Al 3+ toxicity (Fageria 1985, Narayana and Syamala 1989) . Aluminium affected dry weight of root and shoot at varietal and treatment levels, and generally decreased with the rise of Al 3+ concentration (Table 2 ). Root dry weight was inhibited in all cases excepting three varieties, shoot dry weight in others was stimulated at 10 ppm Al 3+ . Sourab and Protiva had the highest root-shot dry weight and the lowest was in Kanchan and in Gourab, respectively whereas under similar stresses the lowest root dry weight was in Sourab and that of shoot in Akbar and Sonalika, respectively where as under similar stress the lowest root dry weight was in Protiva and Akbar and shoot in Sonalika and Protiva, respectively. At 500 ppm, dry weight was further decreased with the sequence: Sonalika > Kanchan > Gourab > Aghrahani > Sourab > Akbar > Fang-60 > Protiva > Baw-923 and that of shoot was: Fang-60 > Kanchan > Sonalilka > Protiva > Gourab > Aghrahani > Sourab > Baw-923 > Akbar for shoot. R/S dry weight ratio was decreased with stresses indicating that the effect on root was more than that of shoot. Narayanan and Syamala (1989) noted proportionate decrease of dry matter of Cajanus cajan with the rise of Al 3+ , but marked distinct variation among the genotypes. Relative shoot weight (RSW) could be the best parameter in determining the Al 3+ tolerance in rice and wheat or RSW alone could be an acceptable indicator (Jan and Patterson 1989, Foy 1997) . In the present work, root of Sonalika and shoot of Fang-60 revealed relatively higher growth efficiency at 500 ppm Al 3+ . Length and weight of root and also those of the above ground parts of wheat could be the best criterion for selecting Al 3+ tolerant varieties (Macuha and Rychtarik 1999) . Tolerant varieties should definitely reveal higher rate of growth activities under stress.
